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RZCQRDiyC SKggTS FOR TNK JET PRraTTWG 
Field of tTnmnt^i<->T. 

This invention relates co recording sheets suitable for use in an ink 
Jet recording process, partictilarly it relates to ink receiving 
sheets where images recorded thereon can be observed by both 
reflected and transmitted light. Ink Jet receiving materials used at 
the present time have a particular need for improvement in physical 
and handl ing properties, particularly in vaterfaataeas and light 
fltability as well aa for ioproved iaage quality. A preferred 
embodiment of this invention is therefore directed tovards ink Jet 
recording matarials with improved handling and performance 
characteristics, in particular ink receiving materials where the 
images recorded thereon are resistant to rubbing on the surface or to 
d«Mge by other physical means, remain intact in contact to water and 
do not fade when exposed to light even tmder adverse conditions. The 
present invention provides a solution towards these problems. 

Ink Jet printing systems generally are of two types: continuous 
stream and drop -on- demand. In continuoua stream ink Jet systems, ink 
is emitted in' a continuous stream under pressure through an orifice 
or nozzle. The stream is perturbed, cauaing it to break up into 
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dropLcta at a fixed distance from the orifice. At the break-up 
point, the droplets are charged in accordance with digital data 
signals and passed through an electric static field which adjusts the 
trajectory of each droplet in order to direct it to a gutter for 
recirculation or a specific location on a recording mediua. In 
drop-on-damand systems, a droplet is expelled from an orifice to a 
position on a recording medium in accordance vith digital data 
signAls. A droplet is not fotaed or expelled unless it is to be 
placed on the recording medium. 

Although the main effort in this invention is directed towards the 
more demanding continuous stream system it is not meant to be 
restricted to either of the two metiioda. 

The following requirements describe some of the major features of a 
recording material used in ink Jet printing; 

1. Sufficlenc ink absorbing capacity and ink receptivity of the 
rmcelvlng layer to prevent the ink from streaking and from 
running down during printing, even under conditions where 
fl«v«ral droplets are deposited in a rapid se<iuence onto the same 
•pot. 
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2. Faat drying of the layer surface after printing of the image 
leading to prlnta free from tacklneaa . 

3. Excellent colour rendition, no change of the hue of the picture 
vith tioe. 

4. Surface vith high gloas. 

5. In the caae of tranaparenciea , clear, transparent, scatter free 
receiving layers. 

6. Resistance of the iaage s\irface of the ioage to rubbing. 

7. Excellent vaterfastneas of the produced images. 

8. Excellent light fastness of the printed images. 

9. Excellent archival stability. 

10. Excellent physical and handling properties. 

Tha particular problem of vatarfaacness has in the past been 
addreased by a vida variety of techniques. Thus solutions to the 
problem hsve been propoaed for by specific formulations of the inks 
or alternatively in many caaes by specific nodificatlons of the 
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receiving layers. The two approaches have in many cases been 
cotsbined. 



One atCMtpt to iaprov, vaterfascne.s h*. ba«n cha us. of ra.cclve 
^a. So for iMtaace in US 4.443.223 (Kl..liag et 
US 5.230.733 <P«vlov.kl et .1.). JSDC (1993). 109,147 (S.O. A«t«m at 
and rafaraneaa cited therein. Although aome loproveaent haa 
been achlaved by thi. technique no aatiafactory reaulta can in 
general by obtained due to the fact that the condition- which are 
poaaibl. in practice in a printixvg en^ronment are la., than optiaal 
■Bd do in general not aufflce to achieve reaction of theae dyea with 
glvwi blndara. Ink. baaed on colloidal dye dlaper.lon. and polyner. 
tn inks have been propoaed «o for instance in OS 5.100.471 (Wink et 
5.017.644 (mier et al.). 4.990.186 (Jonea et al.). 
US 4.597.794 (Kaaha et al.). OS 4.210.566 (..urrey) . US 4.136.076 
(Oenniaon et al.). us 5.224.987 (Matrlck et al.). US 5.180.425 
(Matrick et al.). and US 4.246.354 (Yao et al.). Ink. baaed on 
colloidal dye. a. well « on hoc melt ink., although yielding Image, 
with good waterfaatne.. .nd good light aeabillty. do in aaay ca... 
lead to iaage. which are not tranaparent and therefore lea. aulted to 
be u.ed for projection.. 

Often involved aodificationa of the inka have the tendency to give 
Inka liable to ahew precipitate, upon prolonged storage. Such 
precipitatea «ib.equently tend to clog the nox.le. of Ink Jet 
printer. 



SUBSTITUTE SHEET (RULE 26%' 



W0 9S282S5 PCT/GB9S00784 

- 5 . 



The major attwipt to achieve vatarfaatneas in receiving layers has 
been via the use of polyiaers, particular cationic polymers in 
conjimctlon with inks containing acidic dyes. 

US 4,877,680 describes cationic polymers together vith neutral 
binders. Catlonically modified polyvinyl alcohol has been described 
la US 4.783.376. US 4,575,465 claims quatemised polyvinyl pyrldlna 
to achieve watarf aatness . US 4,554,181 describes the use of a 
combination of cationic polymers and polyvalent metal salts since 
only such combinations and not the single elements tend to provide 
the sought for properties. 

Although good vaterfastness can in genaral be obtained with a vide 
variety of cationic polymers thay tend to shov a severe drawback in 
that they impair the llgjjt fastness of the printed images. 

The introduction of inorganic pigments, fillers, minerals, metal 
salts and metal oxides have been proposed. US 4,116,910 (Rudolphy et 
al.) propoae the use of derivatives of metals of Croup II of the 
periodic table together with natural resin. JP 6025,7285 
(irakadsugava et al.) clalma an improvement of li^t stability by 
addition of transition metal oxides which are used aa ultra- fine 
partlclaa, Vaterfastness can preferentially be achieved by addition 
of metal oxides together with cationic pigments or polymers to the 
receiving layers. US 5,104,730 (Mlauda et al.) and US 4.879.166 



SUBSTITUTE SHE5T (RULE 25^ 



wo 95/28285 

PCT/GB9a«)0784 



(Ml5ud* et .1.) d«cribe porous recording aheet* vh.re the poroua 
Uyer la mainly aada of paeudo boehaite. « coHold*l *lu»iniua oxide 
hydroxide. Although in g.B.r.1 ..tlaf«et««y v*terf«eaea. can be 
achieved the layer, obtained by thia «.thed are .lightly opa«pi. .ad 
.hoir .evece tendency to beco» brittle vlth tine ««i on expowire to 
light. All the above nentiened aolutlona fulfil only partly the 
require».nt« of laag. receiving layer, for aodam ink Jet printing. 
In Baay caae. the.e .olution. lead moreover only to material .uitabl. 
for quit, reatricted application.. I«prav«Mnt. Incorporated into 
ink receiving layer., widely applicable to .«dam ink Jet printing 
technology, are therefore the aeepe of thi. invention. 

Dlac1o.nir« «f «-K^ jnTTTirlnn 

Accordingly. object of the pre.ent invention 1. to provide Image 
receiving media for uae m ink Jet recording which are particularly 
•«e*ll«nt in water re.i.taxice. 

Another object of tha invention 1. to provld. recording media which 
achlov. wat.rfa.ta... without affecting the .tability of the obtained 
l»*g.« against th. detriaeatal effect of light. 

A further objaetiv. i. to obtain recording layr. with excellent 
wrfac. prepertla. .bowing high re.i.t«ne. to physicU dauge like 
for ln.t««:. .cr.tchiag. re.i.taac. to cracking and «,i.t rubbing on 
thm surface. 
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Still another objective of the present invention is to provide 
receiving layers with excellent ink receiving properties. 

Another objective of the invention is to obtain recording media which 
satisfy in sharpness and surface lustre of the recorded image and are 
free from stickiness of the surface even under highly humid 
conditions . 

A further objective is to provide recording media suitable to be used 
on ink jet printers of the continuous stream type. 

A further object is to provide media which allow the possibility to 
print images intended to match those on silver halide photographic 
material . 

It is furthermore the objective of this invention to provide clear, 
scatter free recorded images on transparent base material intended to 
be projected. 

Aa additional objective of this invention is to obtain a recording 
medium suitable for office desk top publishing of colour graphics 
which has Improved ligihtfastness . 
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It is to be understood that the phrase 'trlvalent salt of a setal 
Group Illb of the aeries of the periodic table of elements or 
complexes which comprise trlvalent ions o£ metals of Croup Illb of 
the periodic table of the elements' specifically excludes oxides of 
such metals. The metal salts of this invention can be present as 
halides, salts of most oxo acids, sulphates » nitrates, perchlorates , 
bromates but also as carbonates, phosphates or hydroxides . Also 
salts of organic acids can be \ised. 

Often the compounds are present as dissociated hydrated species or 
aqtiaous complexes and are in general used as such. The salts of the 
invention can also be used as mixtures made up of single species. 
There is no limitation as far as the ratios of the mixtures are 

concerned. 

The compounds of the invention can be used in form of their double 
salts containing besides the claimed Group Illb elements Ca, Mg, Ba, 
Na, K or the like. Double salts can be in form of, for Instance, 
sulphates, nitrates, phosphates or in other forms kaovn to those 
•killed in the art. The \ise of metal complexes is equally possible 
undar the terms of the Invention. Examples of this type are those 
with chelating Uganda like for instance dike tones or organic 
phosphates. Seme of the salta of the claimed compounds vfaen readily 
vater soluble are introduced into tha receiving sheets as aqueoxis 
solutions. In many Instances the claimed metal derivatives are only 
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sparingly soluble In vater and have to be applied in colloidal form 
or in fori! of fine diaperaions. 

The salts or coaplexea of Croup Illb elements coated directly on the 
substrate or incorporated into the ink receiving layers of the 
proposed recording aaterial are added in an aoount of 0,05 - 3.0g/a^, 
preferentially in saounc of 0.1 to 0.9g/a^. in the embodiaenc i^ere 
the salts or coaplexea of Croup Illb eleaents are coated directly on 
the substrate, they are preferably applied as 3 - 5% aqueous 
solutions on the surface of the substrate. After evaporation of the 
aqueous solution the salts or cooplexes essentially are absorbed into 
the substrate surface. In thia eabodiment a preferred substrate 
includes a base paper sheet coated with a silica and polyvirgrl 
alcohol matrix prior to application of the coating solution. 

The use of the salts or eoaq>lexea of the group lllb perform most 
efficiently Mhmn they are imbedded into layers or coated onto 
substrates vhich have the ability to rapidly abaorb aqueous inks. 
The abaorblng paver of the layer is to a great extent a fimetion of 
the materials used but likavlse of the physical properties of the 
layers and the substrate. The compounds that make up the imbedding 
matrix include in general vater soluble film forming polymers. 

These film forming vater soluble polymers may include, for example, 
natural polymers or modified products thereof such as albumin, 
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gelatine. c««eia. starch. guB arable, sodium alginate, hydroicyethyl 
cellulose, carboxylaethyl cellulose o*.- . or y^cyclodwctrlne and 
the like; polyvinyl alcohol; cooplete or partially saponified 
predttcts of copolyMrs of vinyl acetate and other menoaers; 
hoBopolyaers or copolyaers with other aonoaers of unsaturated 
carboxyllc acid. ««h as (Beth) acrylic aeld. nalelc acid, crotonic 
acid and the Ilk.; haaopoly«r« or eopolyaers with other vinyl 
aowra of suUoaaced vinyl aoBoaars such as vlnylsulfsnle acid, 
•ulfooatad styreae «ul th. lilc; homopolyaer. or eopoly«r. vlth 

other vinyl ■oao.-r. of («th) acrylanlda; ho«.polyiser. or copolyi^r. 

vlth other BuneMr. of eaqrlen. oxide; polyurethaae. . poly«Ude. 

hs«na« mich croup. «• ■«eioii.d abe^; polyethyleaeliila.. 

polycyla-idM. vater .oluble nylon tTpe pol^-r., 

polyvlnylpyrrolldan., polyMtor; and so on. AU t^Mae can also be 

used la alztiirM. 

These polyaera can be blended »lth non water soluble natural or 
syntheele hl^ aeleeular coapounda. 

SultabU synthetic poly«r aatwrlal. cbi be chos«« froa aaong 
Polyviayll«ct«M, aerylaalde polyners. polyvinyl alcohol «id It. 
derivative. , polyvlnylacetal. . poly«»r« of alkyl «k1 .ulfoalkyl 
•crylate. and aethaerylate. . hydrolyzed polyvinyl «Mtate.. 
polyaUdes. polyvinyl pyridine., acrylic add polyMr.. aalelc 
«»»y«lrlda copolyaers. polyalkylene oxides, aethacrylaalde eopolyaers. 
polyvinyl oxaxolldlnones . aalelc add copolymer.. vlnylamlne 
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copolyners. aathacrylic *cid eopolyners. acryloyloxyalkylaulfonlc 
acid copoly«ers, sulfo«lkyl«cryl«lde copolymers, polyalkyleneimlne 
copolyB.r», polyaain.1, N.N-dlalkylmlao.lkyl aeryl*t«., vtnyl 
Imidazole copolyaer.. vinyl aulphlde copolyaera. halog.nated .tyrene 
polymers, amlneaeryleald* polymera. polypeptides and the like. 



Hon vaeer soluble polymers can also be used 4b s 



erne caaes. 



In the case whers one of the vatar soluble polymera Is gelatine the 
typas of gelatine suitable for use In the present invention Include 
all kinds of gelatine currently knswn. for Inataaee aeld pigskin or 
llasd bone geUtlae. acid or base hydrolysed gelatine., but also 
derlvatlaed gelatines Ilka for Inataaee phthalated. acetylated or 
carhaaoylated. or gelatine derivative, with trlwillytlc add. The 
preferred gelatine i. a gelatine vlth an isoelectrie point between 7 



and 9.S. 



The polymers mentioned above having re^itlve group, or groupa having 
the po..lbHity to react with a croaallnklns «g«t can be eroaa 
linked to form ea.entially non water soluble Uyers. Such 

eros.linkiag bonds may be either covalent or ionic. Thu. 

crossliaklng allow, for the modification of the phyalcl properties 

of the layera, Ilk. for Inatanee in water abserbaaey of the layer. 

but also in reaiataaee against physical damage. 
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Croaalinklng agents sxiitable for this particular xise are selected 
depending on the water soluble polymer used. They mmy include for 
example chromium salts (such ss chrome &l\m or chromium acetate), 
aldehydes (such as f oraaldehyde , glyoxal or glutaraldehyde ) . 
N-aethylol cospoxmda (such as dioftthylolurea or 

methylol-dimethylhydantoin), dioxsne derivatives (siach as 
2,3-difaydroxydioxane) , activated vinyl compounds (such as 
1,3,5-triacrylolyl hexsiiydro-s-triazine or bis (vitiylsulfonyl) methyl 
other), activated halogen compounds (such as 2,4-dichloro-6-hydroxy 
-8-tria«ina), aaino or substituted- amino modified triazines, 
epoxides, carbamoyl -pyridlnium coa^ounds or mixtures of two or more 
of above mentioned crosslinking agents. 

The layers and coatings can be modified by addition of fillers. 
Possible fillers of the kind are for instance clay, kaolin, talcum, 
Ca-, Kg or Ba-carbonate, Ca or Ba-sulphate, silica, titanium oxide, 
chalk, bentonlte, zeolite, aluminium silicate, calcium silicate, 
ailicium oxlda, satin white, colloidal silicium oxide and the like. 
Likewise the possibility exists to use organic inert particles such 
*a polymer beads. This includes beads made from polyacrylates , 
polystyrene or different copolymers of acrylates and styrene. These 
flllars are selected according to the intendad use of the printed 
iaage. Soma of these compounds cannot be used if the printed image 
i« to be used* as a transparency. Alternatively they are of Interest 
in cases where the printed image is to be used as a reflected image. 
Often the introduction of sxich filler causes a desired matte surface. 
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The loagft recording elements of this invention compriae a support for 
the ink receiving layer. A wide variety of euch supports are knovn 
and cotnuonly employed in the art. They include, for example, those 
supports used in the manufacture of photographic clear films 
including cellulose esters such as cellulose triacetate, cellulose 
acetate propionate or cellulose acetate butyrate, polyesters such as 
poly(ethylana terephthalate) , polyamides. polycarbonates, polyialdas, 
polyolefins. poly (vinyl acetals), polyethers, polyvinyl chloride and 
polysulfonaaides. Polyester flla supports, and especially 
poly(echylene terephthalate) are preferred because of their excellent 
dlaanslonal stability characterlstlca. 

Likewise the usual supports conaonly used In manufacturing of opa<tue 
photographic mcerlal can be used according to the present invention. 
They Include baryta paper, polyethylene -coated paper, polypropylene 
synthetic paper, voided polyester as for Instance manufactured by ICI 
under the trade name of MELIHEX as well as voided polypropylene 
polyester likewise manufactured by the sane company. Preferred are 
clear polyester, acetate, voided polyester or resin coated paper. 
When such support material, la particular polyester, Is used a 
subbing layer is advantageously added first to laprove the bonding of 
the Ink receiving layer to the support. Useful subbing compositions 
for this purpose are well known In the photographic art and Include, 
for exasple,- polymers of vlnylldene chloride stieh as vlxiylldsne 
chlorlde/acrylonltrlle/acryllc acid terpolymers or vlnylldene 
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chlortda/mothyl acrylate/ltAconlc acid terpolymers. Also uaable are 
plmin paper, coopriaing a wlda variety of stzlngs, caat-co*ted papers 
and aluminium foils. 

In cert:ain embodiments of the invention, a preferred substrate 
includes a base paper sheet coated with a silica and polyvinyl 
alcohol matrix. When s\ich sxipport material is used an aqueous 
coating of metAl salts or complexes of Crotip Illb elements msy be 
coated directly on the substrate surface. The inclusion of a film 
forming polymer in this coating formulation is optional when the 
described substrate or a similar one is used. This embodiment 
provides a recording medium suitable for office desk top publishing 
of colour graphics and has improved lightfastness properties. 

The ink receiving layers or coetlngs according to this invention are 
in general coated from aqueous solutions or dispersions containing 
binders, additives, pigments and the like as well as the metal salts 
or complexes of use in the present invention. It is in many cases 
necessary to add siirfactants to those coating solutions or 
dispersions allowing for smooth coating and evenness of the layers. 

Examples of suitable surfactants are non* ionic surface active agents 
*uch as saponin (steroids), alkylene oxide derivatives (sxich as 
polyethylene' glycol, polyethylene glycol/polypropylene glycol 
condensates, polyethylene glycol alliqrl or alkylaryl ethers, 
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poly.th7lena glycol eater., polyethylene glycol sorbltan esters. 
poly*lkylene glycol alkyWne or aalde. or silicone/poly.thylen. 
oxide adduces) , glyddol derivatives (such as alkenylsucelnic add 
polyglycarlde. or alkylphenol polyglyeerlde.) . aliphatic ester, of 
polyhydrlc alcohol., alleyl esters of sucrose, urethane. or ethers; a 
sulfuric acid ester group or a phosphoric acid ester group, such a. 
tnterpenold type saponia. allqrlcarboxylates , alkylsulf oaat.s , 
alkylbenxeaesulfotiates. alleylnaphthalenesulf onates , alfcyl sulfuric 
acid esters alkyl phosporie acid esters. N-acyl-H-lkyltaurines. 
•uXfosuccinates. sulfo-alkylpolyoxyeehylene alkylphenyl ether, or 
polyoxyethylene alkyl -phosphate, and cationic surface active agent, 
weh MM alkylamiae salts, aliphatic or aroutie quaternary amonlum 
»*lt. (wch a. pyridlaiuB or Imidazeliua salt.) or pheaphoniua or 
.ulfoniua .alt containing an aliphatic or heteroxyellc ring. Equally 
auitable are fluorinated or perfluorinaced derivative, of the above 
mentioned 

Specific exoples of these eurfac. active agent, are tho.e de.cribed 
la. a.g. OS Pat. No.. 2.240,472. 1,831,766, 3.158,484, 3.210.191, 
3,294,540 and 3,507.660. flrltiah Pat. No.. 1,012.495. 1.022,878, 
1.179.290 «id 1.198.450, US Pat. No.. 2.739,891, 2.823.123. 
3.068,101. 3.415.649, 3,666,478 and 3,756,828, Britiah Pat. No. 
1.397,2X8. US Pat. No. 1.397.218. US Pat. No.. 3.133.816, 3,441,413, 
3,475,174. 3.545,974, 3,726,683, and 3,843,368, Belgium Pat. No. 
731,126. Britiah Pat. No.. 1.138.514. 1,159.825 and 1,374,780, 2nd US 
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Pat. Noa. 2.271.623. 2.288.226. 2.964.900, 3.253.919. 3.671.247. 
3.772,021. 3,589,906 ud 3,754,924. .11 Incorporated by referance. 

Beaidas baing naeaaaary for coating purpoaa aurfaecaata may hava an 
lafluanca on the quality of the generated laagea and may therefore be 
aeleeeed with thla specific goal In mind. There I. In general no 
limitation to the uae of the types of aurfactaats uaad aa long aa 
they do not Interfere vlth the macal salts and cooplazes used In the 
present Invention and later with the printing Inks used for the 
production of the Image. 

Typically the receiving layera according to thla Invention have a 
thickness In the range of 0.5 to 30 microns, preferably In the range 
of 2.0 to IS mlcrona dry thlelmaas. 

The coating solutions or coating dispersions can be coated onto a 
aupport by any number of aultable proeedurea. Uaual coating metheda 
Include Immersion or dip coating, roll coating, sir knife coating, 
extrusion, doctor blade coating, rod and/or blade metering, or by 
apraylng. Aa Ink reeelvlag system can be built up by several layers. 

These layera can be coated one efter the other or simultaneously. It 
la llkawlae possible to coat a aupport on both sldea with Ink 
receiving layers. Alternatively the backalde may be coated with 
auxiliary layers like for Instance antleurl layers or antistatic 
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layers. The way however by %rtiich the claimed receptive layers are 
produced is not to be considered limiting for the present invention. 
In addition to the above mentioned elements ink receiving layers as 
claimed in this invention caa contain additional additives aimed at 
improving appearance as well as performance of the produced <«*g^ng 
material. It can for instance be beneficial to add brightening 
agents to the layers of receiving sheets. There is in general no 
limltAtlon as to the kind of brighteners used. Suitable brightening 
agents are for instance stilbenes, co«aarlnes, triazinea or oxasoles 
or others known in the art. 



Light stability can in general be improved further by adding UV 
absorbers to the layers. Altho\igh U7 abaorbers are in general added 
to the topmost layer of the system t^ere is no limitation as to where 
within the ink receiving element such light absorbing compounds are 
added. The amount of OT-abaorber can vary from 20O.20OOmg/m^, 
preferably however from 400mg to lOOOmg/m^. Suitable types of 
absorbers can be for example benztriazolea, bensophenones . 
derivatives of acrylonltrile , thlaxolldone , oxazole and thlazole. 

It is further known that images can be protected from degradation by 
the addition of light stabilisers and antioxidants. Exsmples of such 
co^ounds are among others sterically hindered phenols, sterlcally 
hindered amines, chromanols and the like. Above mentioned additives 
can. if water soluble, be added as aqxieous solutions. In the case 
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whtre chsstt compounda are not water soluble the above mentioned 
additives can be incorporated in the ink receiving element by common 
techniqxies knovn in the art. Tha compoxmd is typically dissolved in 
a solvent selected from organic solvents compatible with water, such 
as alcohols, glycols, ketones, esters. amides and the like. 
Alternatively the compounds can be added to the layer as fine 
dispersions, as oil emulsions, as cyclodextrine inclusion complex or 
loaded as fine dispersions on to latex particles. Ultrasound or 
milling can be uaed to dissolve or disperse marginally soluble 
additives . 

Inks for ink Jet printing are well knovn. These inks consist in 
essence of a liquid vehicle and dissolved or suspended therein a dye 
or pigment. The liquid vehicle of the inks employed for the printing 
according to the present invention consist in general of water or a 
mixture of water and a mlscible organic component such as ethylene 
glycol, and higher molecular glycols, glycerine, dipropylene glycol, 
polyethylene glycol , aaidas , polyvinylpyrrolidone , 

M-methylpyrrolldone, cyclohexylpyrrolldon« , carboxylic acids and 
esters, ethers, alcohols, organosiOf oxides , sulfolane, 
diaetiiylformaiiide, diaethylsiafoxyde, cellosolve, polyurethanes , 
acrylates and the like. 

The non-water part of the printing ink generally serves as 
humefactant, cosolvent, viscosity regulating agent, ink penetration 
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.dditlve. levlUng .gent or drying agent. Th. org^^c component ha, 
in met caae. a boiling point which 1* higher than that of water. In 
addition aqueous Ink. aay contain inorganic or org«»ic salt, to 
i»P«rt electrical conductivity. Ex«apie. of .uch salt, includ. 
nitrates, chloride., phosphate, and th. Ilk. .ad .alt. of low 
molecular, water .oluble org^ilc add. Ilk. ac.tat... oxalate, and 
.i»ll«r. The dye. «ul plgB.nt. .ultable for th. preparation of ink. 
usable With the receiving sheet, of thl. invention cover pr«:tic«Uy . 
.11 clas... of known colouring compounds. Dye. or pigment, typically 
u..d for that purpo.e are de.cribed in EP 0.559.324 (I.ganltl. et 



al.). 



Oth.r additive, pre.ent In usable ink. are for inatanc. .urfactant.. 
optical brlghtenar. 07 ab.orber. or light .tabllLer.. bloeld.. and 
polyene additive. . Thl. de.cripeion of Ink. 1. for lllu.tratlon 
only and not to be con.ld.red as limiting th. invention. 

Test sheet, prepared according to the described Examples were printed 
in an ink Jet printer. !« by lea uniform paechas were printed in 
cy«,. magenta. y.Uaw and black to a denalty of about 2. Affr 
printing and drying under ambient condition, for 12 hour. th. 
<lao.lti.. of th. individual patch., were meaaured with an X-rlte 
dansltometar. 
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Th* suples prlncad and drlftd as dascribod above ver« placed In 
delonlaed water at 20*C for 1 minute. The samples were then removed 
from the vater, allowed to drip dry and remeasured. The difference 
between the densitometer readings was reported as % loss of optical 
density and tamed waterfastness . 

Sample sheets printed and dried as described above were exposed In an 
Atlas Weather -Ometer with a 2500 V Xenon lamp under conditions 
analogue to those set for in ISO norm 10 977. The samples were 
exposed until a total Illumination of 40 kJotae/cm^ was reached. The 
^£f*t%ncm between the densitometer readings was reported as % loss 
of optical density and termed light stability. 

RTfiiriTlft 1 

18g gelatine* with an Isoelectric point of over seven (Stoess type 
70810) were dissolved In 360ml delonlxed water. To this solution 
were added 12g hydroxyethyl cellxilose. (Tylose H20, obtained from 
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Hoechst AC) and l.Og of a aurfactant (Olin IOC, obtained froa Olln 
Corporation) . This solution was divided Into twelve equal portions 
and to each portion was added the amount of netal-nitrata x H^O 
indicated In Table 1. Thi, amount corresponds to 0.125 mHol 
nitrate-salt/« total binder. A control solution contained no salt, 
laoediately before coating O.SSg of a 3% solution of 2-(4.di«easyl. 
carbaaoyl-pyridino).ethane-sulfonata was added to each >portion. 
ThMe solutions vere then coated onto a subbed polTester support 
using a barcoater. The final dry thickneas of the layers vere 
•PProxlaacely Bfi. The sheets vere printed on en IKIS ink Jet printer 
■odel 3024 with standard Iris vriting fluids. The printed sheets 
ymn then treated as described in the above testias procedures. The 
obtained results are reported in Table 1. 
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: Cn epeHson 

Coatfnss vftfa memt of th« caeparatlv* salts «m cleurfr «^ could not 
be md for tranipmnt ink rteviving MtcHsU 
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Froa Che results In Table 1 con be seen Chat excellent vacerfastness 
can be achieved with recording medlA according to the present 
invention while appreciable dye bleeding ocexirred with salts 
according to the scats of ths art. 

Ink Jet receiving sheets vers prepared and tested in an analogotis vay 
as described in Exaaple 1. In two casas the secal salts vers replaced 
by catlesic polymeric mordants (US 4,575,465) as indicAtad in Tables 
2.1 and 2.2. The obtained results are reported in Tables 2.1 and 2.2 
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Froa the results given in Table 2.1 the efficacy of the aalta claimed 
in this invention in improving the waterfastneaa of the dyes in 
printed images is evident. It can furt:hermore be seen from table 2.1 
and 2.2 that the efficacy in improving vaterfaacness by cationlc 
mordants according to the state of the art is considerably lover than 
with the salts according to this invention. What is hovever 
particularly evident is that no deterioration of light stability 
occurs in presence of these salts where hovever the stability against 
light is completely lost in presence of these mordants. 

A coating mixture with a aolld content of about 20% vaa prepared as 
follovs, comprising: 

1. Gelatine (Stoeas type 69 426) 2.Ag 

2. Polyurethane (Oaothan 1226 Hoechst, 40% aquous sol. 3.0g 

lO.Og 

4. Olln IOC (Surfactant, Olln Corp.) o.lg 

5. Crossllnkar (idea Example 1) o.OSg 



6. La(HO3)3..H20 5,0g 



7. Water to^lOOg 
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Thia mixture vaa bar coated onto an unsized high quality paper in an 
amount of 1.2g/m (sample A). A control (sample B) vas prepared in 
an analogous way but without the addition of Lanthanum salt . 
Waterfaatneaa and light stability were determined as deacrlbed above. 
The restilta are shown In Table 3.1. 



Sample 


Vaterfastneaa: % Loss 
(1 Minute Water) 


Ught Stability: % Loss (20 KJ Atlas) 
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The same samples were prepared but coated onto heavy wei^t water 
colotir paper. The results are shown in Table 3.2. 

Table 3 2 



Sample 


Vaterf astness : « Loss 
(1 Minute tfater) 


Ught Stability: % Loss (20 KJ Atlas) 
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The results In Table 3.1 and 3.2 clearly show the effect of the 
Lanthanum- salt on diffusion of the dyes in water, also in the ease 
where the claimed system is applied to plain paper. 'Light stability 



SUBSTITUTE SHEET (RULE 26^* 



wo 95/28285 PCT/GB95A)0784 

- 26 - 



is in both cases Improved when compared to the sample not containing 
lanthanum salt. 

Examla 4 

In this example lanthanum nitrate coatings vera applied directly to a 
substrate sxirface and were evaluated for lightfastness and tendency 
to fade. 

Four aaaples A, B, C & D were prepared. The substrate used In all 
samples is a base paper sheet coated with a aillca and polyvinyl 
alcohol matrix. Particular physical details of the support are as 
f ollovs : 

241b base sheet (Lock Haven - alkaline, vood fiber matrix - 60/40 
hardwood/softwood) 25% CaC03 filler (precipitated HO/LO) ; internally 
sized vith ASA; surface sized with starch. 



Physical properties of the base sheet include: 
Baals Vei^t 24 lb 

Caliper (alls 0.001 inch) 4.0 
Moisture (percent) 4.8±.5 
Sheffield Smootimess (Sheffield units) 40 
Porosity (Curley) 60 
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The bue sheet has a brightness (GE percent) of 90+ and opacity 
(percent) of 94. 

Strength properties include: Stiffness (Gurley) ; ?mgf ; Tear MD & CD 
both 50+ g and Kullen 30+ psi. 

Silica coating: fumed silica 30 parrs; precipitated silica 70 parrs; 
polyvinyl alcohol 40 parts; dispersant and surfactants 3.1 parts. 
This coating is applied to the base sheet in the range of 3-5 
lbs/3,000 ft. 

The silica coating is applied to the base sheet in 2 applications 
using a rod coater. K lanthanum nitrate (vater soluble salt of Grotxp 
Illb) is applied to the surface of the silica coating in either a 4% 
(Sample fi) or a 3% (Sample C) aqueous solution using a rod coater. 
Other Group II lb metals that may be used include scandixm, yttrium, 
cerium, neodymixmi, praseodymium. europium and ytterbium. The 
backside coating of the substrate consists of a 0.5% calcium sterate 
solution that is used as an anclcurl agent and to reduce the 
coefficient of friction. 

Tha support vlthout any coating (Sample A), and coated with a 
quarclnary amine dye fixatlva (Sample D) , vere xised as controls. The 
amine dye fixative coating formulation includes a quatemlsed amine 
eater, lauryldlttethylbenryl-ammonlumchlorlde, a polyamlne salt 
aqueous solution and a silicone derivative. 
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Th. effect: of l«th«ua nitrate on lidc Jet printing Ink colour v.. 
ev.lu.fd before and .ft.r llghtfaatn... teetlng. H«rlett P«*«rd 
560 aerie. Ink Jet printing ink colour v.. u.ed In thl. ex«»pl. but 
«ajr other co^rcUlly .^.ll.ble colour Ink. .r. mIso .ult.bl. for 
u«. in the lavwtlan. S«pl.. A. B. c «ui D vr. «q>e«ed to c«bon 
*rc light for period, of X. 2 and A hour.. Colour re«Uag> (1>A«8*) 
wr. tekn on «xpo.ed ud ua«po.ed mxm^. Th. rwult. ere .ho« in 
th. Table 4.1 below. 




Si c : o^tf tai J52'22 

sZ. I . ?;^r ?' "fl-**.* UMiMfMe nitrau 
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The tendency to fade of the coated aaiaplea above vere alao evaluated 
after expeaing created papers to 1. 2 and 4 hours of carbon arc 
Il^t. The reaulta are shown in Table 4.2 below. 
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Results show the lanthanum nitrate coated sheets exhibit less fade 
thMn th. control (saapl. a) treated with nothing at all. The ^^ne 
coated support (sample D) shovs that the paper actually gets duller 
faster than no coating (sanple A), 



Ink reclviag ahe.t. A «d B vr. pr.par.d lo . ataiUr v.y „ 
d..crlb.d la Ex«,pl. I. Th. ce.t.d layr. on . poly.at.r aupport had 
the following coopoaltlona: 



A B 



Galatin vlth high iao.l.ctrlc point 4.200 g/.^ 4.200 g/a^ 

I-t«cLL 920/1 1.800 g/.2 i.gOO g/.^ 

Uneh«n« nitrat. o.204 g/«2 

Olln 10& (ld«. axaaiple 1) o.l73 g/.^ 0.175 g/ta2 

Croaallnkar (Idaa «aapl. 1) q.OIS g/n^ o.07S g/m^ 

Latax LL 920A 1« avallabl. fro. Wackar Ch«iia. Ganumy 

Tha ahaat. vara j.ttad vlth Hawlatt Packard 500 aariaa ink J.t colour 
printing Ink.. Ught atablllty vaa datarsiinad a. da.crlbad abov. m 
tha taatlng proeaduraa. Tha obtalnad ra.ult. ara raportad la Tabla 

5. 
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Ink recftlvlng she at 
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Loss in Osnsity % after 20 kJ Atlaa 
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Key; 1 Invention 2 cooparlson 

From these figures it can be clearly seen that the inks printed on 
the receiving sheet of the invention A fade such less than on the 
control receiving sheet B. 



Ink receiving sheets A and B vere prepared in a siailar way as 
described in Exanple 1. The coatad layers on a polyester support had 
the folloving coopositions: 

A B 



Hydroxyethyl cellulose (idea exaaple 1) 6.000 g/m^ 6.000 g/m^ 
Lanthanua nitrate 0.500 g/n^ 

0.210 g/m^ 0.210 g/n^ 



Olin IOC (idea exaaple 1) 
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The sheeta vere jetted with Hewlett PAckard 500 series ink jet colour 
printing Inks. Light stsbility was determined as described above in 
the testing procedures. The obtained results are reported in Table 



Ink receiving sheet 
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K«y: 1 invention 2 compariaon 

From these figures it can be clearly seen that the inks printed on 
the receiving sheat A of tha invantion fade less on the control 

receiving sheet B. 



Double layer ink receiving sheets A and B ware prepared. The first 
^•3r«r vaa prepared in a similar way as described in Exafflple 1- The 
first coated layer nearest to a RC-papar support had tha following 
coaposition: 
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CeUcia with high lao.Uecrlc polne 3.750 g/n^ 3.750 g/„2 

Unthmum nltrmte o.300 g/a^ 

Olln IOC <ld« ^aapl. 1) o.l25 g/a^ 0.125 g/a^ 

The second layer vae coated on this first layer. It had the folloving 
cosposlclon (saaa for A and B) : 

A and B 

Gelatin wtch high iaeelectrle peine 3.750 g/.* 

Matting agant o.lOO g^i^ 

Olln lOG (Ida- •xai^>le I) o.l50 g/a^ 

Croasllaker (idea exaaple 1) o.033 g/a^ 

Polystyrene beads of mean dlaaeeer 5 um vere used as matting agent. 

The sheets vere Jetted vlth Hewlett-Packard 500 series ink Jet colour 
printing inks. Ught stability vaa deteralned aa deaeribed abvTe in 
the testing procedures. The obtained results are reported in Table 

7. 
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TfltlQ 7 



Ink rec«iving she«t 
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Key: 1 invention 2 comparison 



Froa these figures it can be clearly seen that dye bleeding of the 
yellov and the black dye is much reduced %ffaan printed on the 
receiving sheet A of the invention compared to the control receiving 
sheet B. 

Advantageously, the present invention provides linage receiving media 
for use in ink Jet recording which have excellent vater resistance 
and lightfastness. 

It vill be recognised by those skilled in the art that the invention 
has vlda application as a media vhich allows the possibility to print 
ij«Ag«« intended to match those on silver hallde photographic material 
Further advantage is obtained by providing a recording medium which 
is suitable for office desk top publishing of colour graphics for ink 
Jet printers. 
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Therefore, although the invention h*. been described with reference 
to certain preferred embodiaenta . it will be appreciated that other 
composite structure, and processes for their fabrication may be 
devlaed, which are nevertheless within the scope and spirit of the 
invention as dafined in the claims appended hereto. 
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Claliu 

1. A recording shaat for ink Jec printing comprising a aupporc 
having coated onto aaid aupport ona or mora layers receptive for 
aqueous inks, said recording sheet being characterised in that 
the coating coopriaes at leaat one trivalent salt of e metal of 
the Gro\2p Illb aeries of the periodic table of eleaenta or 
complexes vhich comprise trivalent ions of the metals of Groixp 
IXIb of the periodic table of the elements. 

2. A recording sheet for ink Jet printing comprising a support 
having coated onto aaid aupport one or more layera receptive for 
aqueous inks, said recording sheet being characterised in that 
Ita coating compriaea at least one film forming hydrophilic 
polymer or a mixture of film forming hydrophilic polymers and 
imbedded in this film at leaat one trivalent salt of a metal of 
the Group Illb seriea of the periodic table of elements or 
complexes which comprise trivalent ions of the metals of Croup 
Xllb of the periodic table of the elementa. 

3. An ink Jet recording sheet according to claim 2 characteriaed in 
that the metal salt or complexea are selected from the group 
consiating of elementa No 21, 39, 57-60 and 62-71. 
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7. 



An ink jet recording sheet according to claiia 3 characterised in 
that the said metal salts or complexes are selected from a group 
consisting of Yttrium, Lsnthanum, Cerium, Praseodynium. 
Neodynium, Europium, Gadolinium, Dysprosium, Erbium and 
Ytterbium salts or complexes. 

An ink Jet recording sheet according to claim 4 characterised in 
that said metal salts or coaplaxes are selected from the group 
consisting of Yttriua, Lanthanum. Cerium, Keodynlum and 
Ytterbium salts or complexes. 

An ink jet recording sheet according to claim 5 characterised in 
that said metal salts or complexes are selected from the groxrp 
consisting of Yttrium, lanthanum. Cerium salts or complexes. 

An ink Jet recording sheet according to claim 2 characterised in 
that the salta of said metals are salts of mineral acids. 



8. An ink Jet recording sheet according to claim 7 characterised in 
that the salts of said metals are salts of nitric acid, 

9. An ink Jet recording sheet according to claim 1 characterised in 
aiat lanthanum nitrate is present in the coating. 

10. An ink Jet recording sheet according to claim 2 characterised in 
that the^salts of said metals are salts of organic acids. 
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11. An Ink jet recording sheet according to claim 2 characterised in 
that the hydrophllic fila forming polymer is selected from the 
group comprising natural polymers or modified products selected 
from Albumin, gelatine, casein, starch, gum arable, sodium 
alginate, hydroxyethyl cellulose, caxboxymetiiyl cellulose;^., 

or<^.cyclodextrine, polyvinyl alcohol; complete or partial 
saponified products of copolymars of vii^l aeecaca and othar 
monomers; homopolymars or eopolymars with monomers of 
unsaturated carboxylic acids such as <math)acrylic acid, maleic 
*cld, crotonic acid and tha like; ho«,polymers of copolymers 
vith othar vinyl monomers of sulfonated vinyl monomers such as 
▼iaylaulfonic acid, sulfonatad styraaa and tha like; polyaaidas 
like polyviiQrlacrylamide, hasopolymara or copolymers with othmr 
vinyl aonomars of (maA)acrylamida, watmoluble nylon- typa 
polymers; homopolymera or eopolymars with monomers of etfayUna 
oxlda; polyethylenaiaina; polyvlnylpyrroUdone ; polyurethana ; 
polyaatar or mixtures of thasa 

compotfiid^ , 

12. An ink J at recording shaat according to clAim 2 eharactarisad in 
that tha hydrophilic film forming polymer is selected from the 
croup comprising gelatine, casain, starch, gum arable, sodium 
*l«lnata, hydroxyethyl callulosa, carboxymathyl cellulose ; o< . 

ox^r^cyclodexcrina, polyvinyl alcohol; collate or partial 
•aponified products of copolymers of vinyl acetate and other 
rs ; homopolymers or copolymers with monomers of 
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unsaturated carboxylic acida auch as (Biath)acr7llc acid, of 
sulfonated vinyl monoaers auch aa vlnylaulfonic acid, sulfonated 
atyrene; hoaepolyaers or copolyoars vlth acrylaalda, 
iratarsoluble nylon- type polymer, polyvinylpyrrolidone, 
polyure thane or mixtures of these coapotmds. 

13, An ink Jet recording sheet according to claim 2 character Ued In 
Aat tha hydrophlUc fUa fotalng polymer la selected from thm 
group comprising gelatins, starch, faydroxyetfayl cellulose, o^'-. 

or^cyclodaxtrlne, polyvinyl alcohol; copolymers of vinyl 
acetate and other monomers; aerylamlde, vatersoluble i^lon-type 
polymer, polyvinylpyrrolidone, polyuretiiane or mixtures of tiiese 



14, Aa Ink jet recording sheet according to claim 1 characterised In 
«»t thare Is an Ink receiving layer on both sldas of the 
support. 

13. Aa ink Jet recording sheet according to claim 14 characterised 
la that tha said layers have different compositions. 

16. Aa Ink Jet recording sheet according to claim 2 characterised In 
^t tiia laymrs have a ^cknaas of from 0.5 to 23^. 
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17. An ink jet recording sheet according to claim 2 characterised in 
that the hydrophilic polymer in the layer or layers is 
crosalinkad. 

18. An ink Jet recording aheet according to claim 17 characterised 
in that the crosalinking agents are selected from the group of 
formaldehyde, glyoxal, dihydroxydioxana , dichloro-hydroxy- 
tria2ine» chloro- dihydroxy- triaxlne , 2-(4-dimethylcarbaaoyl 
-pyridino) -ethane -sulfonate or 2,2' -Bis(vinylsulfonyl) -diethyl 
ether. 

19. An ink Jet recording sheet according to claim 2 characterised in 
that the amount of said metAl salt or complex is present in the 
range of 0.05 to 3.0g/m^ in the hydrophilic polymer layer. 

20. An ink Jet recording sheet according to claim 19 characterised 
in that the amount of said metal salt or complex is present in 
the range of 0.1 to 0.9g/m . 

21. An ink Jet recording sheet according to claim 19 characterised 
in that the said metal salt or complexes are present in 
colloidal form vith a particle size <0.5>i. 

22. An ink Jet recording sheet according to claim 2 characterised in 
that the said hydrophilic polymer film contains in addition to 
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aaid m«tal baIzs or cooplexes one or more non vater soluble 
fillers or pigments. 

23. An ink Jec recording sheet according to claia 22 cher&cterised 
in thAt the fillers or pigaents ere selected froa clay, tele, 
seolytes, celciua-, berium* or magnesium-cerbonete, celciua- or 
barium- aulpheta, satin white, silicium oxide or colloidal 
silieiua oxide. 

24. An ink jet recording sheet according to claim 23 characterised 
in that the fillers or pigments are selected from satin vhite, 
eilicium oxide or colloidal silicium oxide. 

25. An ink Jet recording sheet according to claim 22 characteriaed 
in that the filler is a non vater soluble organic polymer. 

26. An ink Jet recording sheet according to claim 11 characteriaed 
in that said gelatine Is acid pigskin gelatine, limed bone 
gelatine, acid or base hydrolysed gelatine or derivatised 
gelatine . . 

27. An ink Jet recording sheet according to claim 11 characterised 
in that the derivatiaed gelatine is phthalated gelatine, 
carbamoylated gelatine, acetylated gelatine or trimellytic-acid 
modified gelatine. 
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28. An ink jet recording ahe.t recording to clala 11 characterised 
In chat th. geUtlae 1. . g.Utin. vlth » l.o«l.ctrlc point of 
7 to 9.5. 

29. An ink Jet recording .beet ^cording to cUia 17 duraeterleed 
in that ..id cro«..link«l gelmtia. flLi contaiia ..It. of 
trlvmlwie B.t.1, of group Illb «ad « fiU.r ..lecttd fro. clay. 
.iUci«» oxide, colloidal .iUciua oxide, ..tin vhif or « 
orgnlc polyaer. 

30. An ink Jet recording .he.t ««ordiag to cUin 17 eh»«:teriMd 
la th.t th. ..id gelatin. fU. contain. Mid .alt. of trl^«ie 
noeal. of Croup Illb «d . ero...liak.d. water .oluble polyn« or 
a Ixtur. of ero...llak«i water .oluble polyner. .elected fro. 
■«»rch. hgrdroxjrethyl cUnloe. , e( . . oty eyclodttrin.. 
polyvinyl .icohol. vinyl «.tat.. «,ylaiad.. v.e.r. .oluble 
nylon- type polyner or polyvinylpyrrolidon.. 

31. An ink Jet recording .heet ««ording to clai. 2 eharactariaed in 
that Mid support U « cImt thanoplaatic flln. 

32. An ink J.t recording shaet ^cording to claia 2 characterised in 

..id si^ort 1. aa opaque tbuwiplaatic filn. 
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33. An Ink jet recording sheet according to claim 2 characterised in 
that said support is a resin coated paper. 

34. An ink jet recording sheet according to claim 2 characterised in 
that said support is plain paper. 

33, An ink jet recording sheet according to claia 2 characterised in 
that said support is a surface treated plain paper. 

36, An ink jet recording sheet according to claia 1 characterised in 
that the said sxxpport is plain papar coated vith a silica and 
polyvinyl alcohol matrix and vhlch haa been coated with an 
aquaous solution of at leaac ona of said metal salta or 
complexes . 

37. An ink jet recording sheet according to claia 36 characterised 
in that the said aquaotis solution is a 3-5% by weight solution 
of lanthamiB nitrate. 
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